Introduction
Understanding the surface anatomy of the neck is important for clinical examination, diagnostic and therapeutic intervention, and various types of surgery (excisional biopsy, lobectomy and thyroidectomy) involving the neck (Mirjalili et al., 2012) . Standard anatomical texts describe the positions of deeper neck structures in relation to bony or cartilaginous landmarks such as the hyoid bone and the thyroid and cricoid cartilages (Standring, Most anatomical landmarks in the neck were initially defined in cadavers (Burns, 1809; Quain, 1844) and later supplemented using plain and contrast radiography (Bench, 1963; Stepovich, 1965; Gustavsson et al., 1972; Smith and Larsen, 1979; Espalieu et al., 1986) . Modern imaging techniques including ultrasonography, computed tomography, and magnetic resonance imaging provide an opportunity to reassess neck surface anatomy in vivo with good precision in reasonably large numbers of individuals under relatively controlled conditions. Owing to the increasing availability of these techniques, the use of physical examination and the demand for accurate surface anatomy have declined (Mirjalili et al, 2012 ).
To date, there has been no detailed comparison of the vertebral levels of major anatomical landmarks in the neck between healthy individuals and those with neck pathology in an Indian subcontinent population using computed tomography (CT). The main aims of the present study are: (i) to reassess and compare the surface anatomy in terms of vertebral level of occurrence of neck structures in a healthy population with those with neck pathology; and (ii) to compare the data collected with those reported in the literature.
Methods
CT scans of 101 individuals, categorized into a healthy group (n= 64) and a diseased group (having suspected thyroid mass (Fig. 3 ) in the neck (n= 35)), were taken in a supine orientation with the head placed in a standardized position. Sixteen slice CT images from each individual were acquired from Northwest General Hospital using a Light RT-16 CT scanner with slice thickness 1mm (General Electronics ® USA), and a 16 slice scanner (Toshiba ® Alexion Japan) with slice thickness 0.5mm. Two patients were excluded from further analysis owing to severe cervical spine deformity. For access to the archived CT scans, ethical approval was requested from and granted by the ethics committee of the respective institution under Ref No. NwGH/Res/Eth/2723.
Each image was analyzed using a 32-bit Radiant DICOM viewer to establish the relationships of major anatomical landmarks to their vertebral levels. The structures studied included: the hard palate (HP), hyoid bone (HB) including body and lesser horns, soft palate (SP), thyroid gland (TG) (both superior and inferior poles), thyroid gland anteroposterior (APD) and superoinferior (SID) diameters, thyroid isthmus superoinferior dimension (TG-SID), epiglottis, vertebral arteries (right and left), and the superior and inferior extents of the right and left parotid glands.
Hard palate: defined in the sagittal plane as the free edge against the corresponding specific vertebra or foramen magnum.
Hyoid: the body (Fig. 2) and lesser horn were selected as the most prominent portion against the specific vertebra or intervening intervertebral disc, identified in sagittal sections.
Soft palate: identified in the sagittal plane as the free edge extending from the hard palate, noted against the specific vertebra or intervening intervertebral disc.
Thyroid gland: both superior and inferior poles were identified in coronal sections as the upper and lower extents against the specific vertebra or intervening intervertebral disc.
Thyroid gland anteroposterior dimension: identified in the sagittal plane as the maximum diameter of the thyroid gland from front to back.
Thyroid gland superoinferior dimension: identified in the coronal plane as the maximum dimension extending from uppermost to lowermost pole.
Thyroid isthmus superoinferior dimension: identified in the coronal plane as the longitudinal dimension extending across the midline from superior to inferior extent anterior to the 2 nd , 3 rd and 4 th tracheal rings (Fig. 3) .
Epiglottis: the free end was taken as the reference and recorded against the specific vertebra or intervening intervertebral disc, identified in the sagittal plane.
Vertebral arteries: defined in the coronal plane as the point from where each arose from the subclavian artery ( Fig. 4 ): the vertebral level was noted against the specific vertebra or intervening intervertebral disc.
Parotid gland: the superior and inferior extents were recorded in the coronal plane against the specific vertebra or intervening intervertebral disc.
Statistical analysis
All the data collected were analyzed using Minitab version 17. Categorical data were expressed as frequencies and percentages, while numerical data were expressed as means and standard deviations. Differences between numerical CT variables of males and females in the healthy group, and between the healthy and 'thyroid mass' groups, were calculated using a two-sample t-test. P-values less than 0.05 were considered to indicate significance.
Results
The healthy group comprised 64 individuals of whom 45 were male (70.31%) and 19 female (29.69%), and the 33 individuals in the 'thyroid mass' group of patients comprised 11 males (34.38%) and 21 females (65.63%). The mean age of the healthy group was 47.77(±15.65) years and of the 'thyroid mass' group 54.81(±13.92).
The vertebral levels of occurrence of neck structures in both groups are given in A mass in the thyroid gland significantly influenced the anteroposterior, isthmus and superoinferior diameters of the thyroid (p<0.001, two-sample t-test) ( Table 3) .
Discussion
The present study examined various anatomical landmarks in the neck by determining their vertebral levels in both healthy and 'thyroid mass' groups in an Indian subcontinent population. This is the first study to address the dimensions of the thyroid gland in this population and to consider how they could be affected in cases of thyroid pathology. Some differences from current anatomy and clinical reference texts were noted, and these need to be addressed (Hale et al., 2010) .
Using the criteria stated above to determine the vertebral level of anatomical landmarks in the neck the following observations can be made: ). In the current study, the level of the tip of the lesser horn was most frequently C3. However, standard anatomy texts describe the lesser horn as a small bony projection originating from the superior part of the body near its junction with the greater horn (Moore et al., 2014) . Previous studies recorded the most frequent vertebral level of the hyoid as C4 (King, 1952; Kollias and Krogstad, 1999 ).
Thyroid gland: The current findings differ from standard texts (Moore et al., 2014 ).
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Thyroid gland dimensions:
In the present study, various dimensions of thyroid gland including anteroposterior and superoinferior (and the dimensions of the thyroid isthmus) did not differ between males and females in the healthy group. However, among individuals with a thyroid mass, there was a significant gender difference in the inferior diameter of the thyroid gland (males 2.16 (±1.16) and females 3.37 (±1.30), p=0.01, paired sample t-test). Bann et al. (2017) observed that the position of the thyroid gland depends on changes in cervical spine height, hyoid to hard palate distance and tracheal angle (p=1.7 x 10 -11 ; r 2 =0.37). They also reported that the distance between the thyroid gland and the sternal notch decreased with age (p<0.001). However, Bann et al. (2017) found no difference between age groups in thyroid position relative to the hyoid or cricoid cartilage.
Epiglottis: In the current study the most frequent level of occurrence was C3. Standard texts locate it just behind the root of the tongue and attached by its stalk to the back of the thyroid cartilage (Snell, 2012) .
Soft palate:
In the current study the most frequent level of occurrence was C1-2. One standard text locates it in the posterior third of the hard palate, suspended from its posterior border (Moore et al., 2014).
Vertebral arteries:
In the current study the most frequent level of occurrence of both the right and left vertebral arteries was T1. However, standard texts refer to its origin from the first part of the subclavian artery as it enters the root of the neck (Drake et al., 2015).
Parotid gland:
The superior and inferior extents of the right and left parotid glands in the current study were C1 and C3, respectively. However, anatomical texts refer to its extension from the zygomatic arch to the upper part of the neck (Sinnatamby, 2011) .
It is clear from these findings that most anatomical texts locate the structures investigated in the current study in relation to structures other than vertebral level. This can cause confusion, as the structure used as a reference landmark could itself vary in its vertebral level of occurrence.
Conclusion
The surface anatomy of the neck should be reappraised using modern imaging techniques and compared between healthy subjects and those with a thyroid mass, as the presence of thyroid pathology can influence thyroid dimensions and the locations of related structures. Furthermore, in light of the data presented in this study, neck surface anatomy should be revisited to address the discrepancies in anatomical and clinical texts. 
